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PLANT NUTRIENTS 
Of all the elements found in plants by chemical 
analysis, 16 are necessary for proper plant growth. 
These essential plant elements are: carbon, hydrogen, 
oxygen, nitrogen, phosphorus, potassium, calcium, 
magnesium, sulfur, boron, chlorine, copper, iron, 
manganese, molybdenum, and zinc. 
The first three--carbon, hydrogen and oxygen­
are taken up by the plant from carbon dioxide in 
the air and from water. Normally the supply of 
these elements presents no problem. The remaining 
nutrients are obtained from the soil. 
Nitrogen, phosphorus, and potassium, known as 
primary elements, are required in rather large 
amounts and are most likely to be deficient or lack~ 
ing in a plant. Nitrogen is available to plants in two 
forms-ammonium and nitrate salts. Phosphorus 
and potassium are available in forms of the soluble 
phosphate and potassium salts. 
Calcium, magnesium, and sulfur are called sec­
ondary elements. Though necessary for plant 
growth, they are not generally applied to soil to 
overcome a nutrient deficiency, but are used to 
modify some other soil condition that is limiting 
plant growth. Since the supply of these elements in 
the soil is generally sufficient, they may also be re­
ferred to as amendments. 
Boron, chlorine, copper, iron, manganese, molyb­
denum, and zinc are termed trace or minor elements 
since they're required in relatively small quantities 
for plant growth. 
NUTRIENT EFFECTS ON PLANT GROWTH 
Each of the 16 essential elements contribute cer­
tain metabolic effects. Since most of them tend to 
check, balance, support, and supplement one anoth­
er in their effects on plant growth, all must be pres­
ent and available in the soil for optimum plant 
growth. Because crops remove large quantities of the 
primary elements, they often become deficient in 
soils and cause an unbalanced soil nutrient condition. 
Fertilizer treatments are made to increase the supply 
and availability of deficient elements and to establish 
a proper balance between the essential elements. 
Often the addition of only one or two nutrients is 
necessary to produce this balance. 
Effects of Nitrogen 
Encourages above-ground vegetative growth. 
Increases deep-green plant color by aiding chloro­
phyll production. 
Increases plumpness and protein of grain. 
Produces succulence in crops such as the grasses. 
A nitrogen deficiency results in stunted plants 
with restricted root systems. The basal leaves of some 
plants tum yellow or yellowish green down the mid­
rib toward the tip. Crop yields and quality may also 
be reduced. 
Effects of phosphorus 
Encourages root growth, especially the lateral and 
fibrous rootlets. 
Hastens maturity of the crop; Aowering and 
fruiting depend on it. 
Increases the yield ratio of grain to straw as well 
as total yield of grain. 
Improves quality of crops. 
Increases disease resistance. 
A phosphorus deficiency results in retarded 
growth; lower leaves sometimes yellow between 
veins, but more often are purplish, particularly the 
leaf stem. Leaves drop prematurely with remaining 
foliage possessing a sickly dark green color. 
Effects of Potassium 
Improves the vigor of plants. 
Increases resistance to disease. 
Encourages root formation. 
Delays maturity, thus balancing the effect of 
phosphorus. 
Necessary for tuber development. 
Necessary for chlorophyll development. 
Necessary for starch formation. 
Improves crop quality. 
A potassium deficiency normally affects the older 
lower leaves of corn and other plants. The lower 
leaves become mottled and dead areas develop near 
the tips and margins of the leaves. A yellowish mottl­
ing begins at the leaf margin and continues toward 
the center with margins later becoming brown and 
curved under. The older leaves may drop off. 
FERTILIZER TERMS AND DEFINITIONS 
Fertilizer. Any natural or manufactured material 
added to the soil to supply one or more plant nutri­
ents. The term applies largely to inorganic or mineral 
materials other than lime or gypsum. 
Carrier. Any material used in the manufacture of 
fertilizers. Selected because of its specific nutrient, 
availability, physical characteristics, and the cost of the 
plant nutrients contained. A material possessing only 
one plant nutrient is classed as a single carrier (am-
momum nitrate, muriate of potash, concentrated 
superphosphate, etc.). Other carriers may contain two 
or even all three of the major plant nutrients. 
Fertilizer Analysis. The chemical analyses of the 
nutrients in a fe rtilizer are expressed on a percentage 
basis determined by laboratory methods based on the 
solubility of the nutrients in specified solvents under 
closely defined conditions. 
a. Nitrogen fertilizers are commonly marketed on the 
basis of total nitrogen content (N). The form of the 
~ti~~ogen is listed as ammonium, nitrate, organic, 
b. Phosphorus fertilizers are usually evaluated on the 
basis of the quantity that dissolves in successive ex• 
tractions of the sample with water and neutral 
ammonium citrate solution. The soluble phospho­
rus determined in this manner is considered to be 
readily usable by plants and is commonly designat• 
ed as available phosphate (P,O,). Recently phos­
phorus analysis has also been based on the amount 
of elemental phosphorus (P). Some companies list 
both analyses on the bag. 
c. Potassium fertilizers are marketed on the basis of 
water soluble potash content (K,O). Recently po­
tassium analysis has also been based on the amount 
of elemental potassium (K). Some companies also 
list both potassium analyses on the bag. 
Fertilizer Grade indicates the percentage of plant 
nutrients in a fertilizer. A 11.48.0 grade contains 11% 
total nitrogen (N), 48% avai lable phosphate (P,-0,), 
and 00/4 water soluble potash (K::O). This expression 
is used even though the nitrogen, phosphorus, and 
potassium are present in other forms . 
Proposed changes are currently being studied by 
industry and regu latory agencies. If these changes 
are instituted fertilizer grades will be expressed as 
elemental N, P, and K. This will not directly affect 
f~tilizer quality or performance, if you understand 
the conversion rate. Nitrogen is reported as elemental 
N, so will remain unchanged. Phosphorus has been 
reported as P20:, which contains 44% elemental phos• 
phorous (P). To convert P20r. to P, multiply the per 
cent of P::Or. by .44. Potassium has been reported as 
K20 which is 83% K. To convert, multiply the per 
cent K,O by .83. For example, 10-20-10 when con­
verted to an elemental percentage would read 
10-8.8-8.3 (20 x .44 = 8.8, IO x .83 = 8.3). Conse­
quent ly, the fertilizer grade may be expressed in two 
ways (10-20-10 or 10-8.8-8.3) on the same sack. 
Fertilizer Ratio is the ratio existing between per• 
centages of n itrogen, phosphate, and potash in a fer• 
ti lizer. A 6-24.0 or 8-32.0 grade has a 1-4.0 ratio. Fer­
ti lizer analyses expressed as an elemental percentage 
will change the expressed ratio. 
Unit of Plant N utrients is the percent of available 
plant nutrients on the basis of a ton of fertilizer. Thus, 
one unit equals 20 pounds of plant nutrients. The 
chemical analysis of any fe rtilizer is really a statement 
of the number of units carried in a ton. For example, 
superphosphate with 20% available phosphate has 20 
units or 400 pounds of available phosphate. 
SOURCES AND FORMS OF COMMON 
COMMERCIAL FERTILIZERS 
Commercial fertilizers are manufactured today in 
essentially three forms-dry or pelleted, liquid and 
gas. These commercial fertilizers are applied to soils 
primarily to supply plant nutrients. Consider ferti Ji. 
zer applications as a supplement to the nutrients al• 
ready in the soil rather than as the sole source of 
supply. 
If on ly nitrogen is needed for a certain soil, keep 
the following factors in mind. There are several car. 
riers of nitrogen on the market-some possess rela• 
tively small amounts of nitrogen while others are 
high ly concentrated carriers. Various nitrogen ferti• 
lizers do not react the same in a given soil. Nitrogen 
in the ammonium and nitrate form is immediately 
available for plant use. The nitrogen of non.synthetic 
organic carriers must be released by soil microorgan• 
ism activity before it becomes available for plant use. 
Carriers of Nitroge n 
Ammonium sulfate is made by passing ammonia 
gas through sulfuric acid and evaporating to dryness. 
T he ammonia is in part a by.product from coke ovens 
and gas plants and in part a product of chemical syn• 
thesis. This inorganic crystalline salt is usually white 
or grayish and very soluble in water. It contains about 
20% nitrogen plus about 24% sulfur. When applied 
to South Dakota soils much of the ammonium nitro­
gen rapidly changes into the nitrate form . Ammoni• 
um sulfate tends to increase the acidity of soils when 
used in large amounts or over a period of years. 
Ammonium nitrate is a crystalline inorganic salt 
manufactured synthetically. The pu re salt is white, 
but it usually appears on the market as an off.white 
granular material which has been treated to prevent 
absorption of water from the air and to make it easier 
to apply. It contains 33.5% nitrogen, half of which is 
in the ammonium form and half in the nitrate form. 
This fertilizer is water soluble and tends to reduce soil 
alkalinity. It is quick fertilizer, being available to 
plants as soon as applied. 
Urea is a synthet ic fertilizer. It is a white or gray 
crysta ll ine product carrying approximately 46% nitro• 
gen. Urea is completely soluble in soil water, and the 
nitrogen, once applied to soi l, is converted rapid ly in. 
to the ammonium and finally into nitrate form. 
While undergoing chemical change and prior to be. 
._/ 
~ 
coming converted into nitrate nitrogen, some of this 
nitrogen may actually exist as a gas and thus is free 
to escape into the air. Incorporate urea fertilizer with 
the soil immediately after application to prevent un­
necessary losses. 
Ammonium sulfate nitrate is also a water soluble 
fertilizer carrying 26% nitrogen-three-fourths in the 
ammonia form and one fourth in the nitrate form. 
This material does not absorb moisture as quickly as 
ammonium nitrate. Jt is not commonly used com­
mercially in South Dakota at present. 
Nitrogen solutions contain separate or combined 
quantities of ammonia, ammonium nitrate, sodium 
nitrate, and urea dissolved in water. Combining these 
materials produces vapor pressures which determine 
the type of equipment required to store, handle, and 
apply the solutions. This results in the general classi­
fication of nitrogen solutions into high-pressure, low­
pressure and non-pressure types. 
High-pressure solutions. Anhydrous ammonia is a 
liquified gas containing 82% nitrogen. When com­
pressed under suitable conditions of pressure and 
temperature, ammonia assumes a liquid form which 
is stored and shipped in pressure tanks. 1t is used in 
the fertilizer manufacturing industry and also for di­
rect application to the soil as a source of nitrogen. For 
direct application, the soil should be moist and the gas 
should be knifed in at least 6 inches below the soil 
surface. Considerable loss of nitrogen to the atmos­
phere can result if extremely wet or dry soil condi­
tions exist at time of application. Fertilizer solutions 
stored under pressure must be injected or knifed into 
soil to prevent excessive nitrogen loss into the atmos­
phere. 
'-
Figure 1. Equipment designed to inject or knife in high 
and low pressure fertilizer solutions. 
Low-pressure solutions are liquid fertilizer ma­
terials containing 20 to 41% nitrogen. Part of the 
nitrogen can be anhydrous ammonia dissolved in 
water. The rest of the nitrogen is derived from ma~ 
terial such as ammonium nitrate and urea. Some of 
these solutions carry pressure of about 15 pounds per 
square inch. All should be knifed 2 to 3 inches into 
the soil. Products of this type currently sold include 
-· Figure 2. Suitable equipment for broadcasting non-
pressure fertilizer so]utions. 
"Aqua-Ammonia-20% N," "Soln.-37% N" and 
"Soln.-41% N." 
Non-pressure solutions, liquids containing from 
28 to 32% nitrogen, are composed of ammonium ni­
trate and urea dissolved in water. Non-pressure solu-
Figure 3. Equipment commonly used to broadcast dry 
mixed fertilizers. 
tions do not contain anhydrous ammonia forms of 
nitrogen. About one-fourth of the nitrogen is in the 
nitrate form, one-fourth in ammonium, and half is 
urea nitrogen. Solutions having no pressure can be 
Figure 4. Trailer type fertilizer broadcast equipment 
used to apply dry pelleted fertilizers. 
appli:d on_ the surfa_ce of the soil by dribbling or 
spraying without rapid loss of nitrogen. 
Non.synthetic organics. When a slow acting de. 
layed source of nitrogen is required, such as for green• 
house purposes, by.products such as tankage, sewage 
sludge, guano, and dried blood are useful. These ni• 
trogen materials must be converted into available 
ammonium and nitrate salts by soil microorganisms 
before nutrient usefulness for plant growth prevails. 
Carriers of Phosphorus 
Rock phosphate. Phosphate rock is found in natu• 
ral deposits in many parts of the world. It varies in 
purity and is found in many different forms. The 
principal phosphate mineral is flourapatite. The 
phosphate in this carrier, is expressed as tricalcium 
phosphate and is relatively insoluble in water. 
The rock phosphate on the commercial market is 
the raw, naturally occurring material in ground form. 
Jt is a heavy, finely ground1 light colored powder. It 
generally carries from 20 to 35% total phosphate as 
P:!Q:, or 8.8 to 15.4% phosphorus (P); however1 less 
than 5% is considered immediately available. This 
material is not recommended for use on soils of South 
Dakota. 
Superphosphate. Superphosphate is raw rock phos-­
phate that has been treated with acids to convert the 
phosphorus into forms more available to plants. It 
appears on the market as a light to dark gray powder 
or granu~e. Its phosphate is highly available and the 
~naterial 1s acid in nature, although it has little effect 
m changing the alkalini ty of soil. Several grades of 
superphosphate are on the market, the two most 
common carry 18 to 20% available phosphate (super~ 
phosphate) as P,O, or 7.9 to 8.8 phosphorus (P) and 
40 to 54% available phosphate as P,O, or 17.6 to 23.8 
phosphorus (P) (concentrated superphosphate). 
Calcium metaphosphate is made by treating rock 
phosphate with hot P20:, from a phosphorus burner, 
which forms liquid metaphosphate. This liquid is 
solidified by cooling, ground, and marketed. It is a 
high analysis fertilizer carrying 62 to 63°/4 available 
phosphate as (P,O,) or 27.3 to 27.7% phosphorus (P). 
Its fertilizing value has not been thoroughly tested in 
South Dakota; preliminary tests indicate it does not 
seem to give crop responses equal to that of super~ 
phosphates, particularily on calcareous soils. 
Phosp~o~c acid is a phosphate supplying material 
made by 1111tially treating phosphate rock with sul~ 
furic acid. It may vary in phosphorus (P). Because it is 
strongly acid liquid that requires special application 
equipment, it is primarily used by manufacturers of 
chemically combined dry and liquid fertilizers. More 
recently, farmers have applied phosphoric acid (50% 
P~O:,) directly on alkali soils in western states effec­
tively. 
Carriers of Potassium 
Potassium chloride (muriate of potash) is a high. 
grade fertilizer material varying from 48 to 62% water 
soluble potash as (K,O) or 39.8 to 51.5% potassium 
(K) . It is a neutral white, crystalline, naturally OC· 
curring salt that is readily available to plants. 
Potassium sulfate (sulfate of potash) is a high• 
grade fertilizer material varying from 48 to 50% 
water-soluble potash (K,O) or 39.8 to 41.5% potas­
sium {K). It is a neutral while, crystalline, naturally 
occurring salt, readily available to plants. 
Mixed Fertilizers 
Mixed fertilizers contain at least two and often all 
three of the primary plant nutrients - nitrogen, 
phosphorus and potassium. They are available both 
in the dry and liquid forms. 
Chemical dry mixed fertilizers are manufactured 
either by chemically combining single carriers and/or 
mixtures of N•P~K to obtain a desired analysis1 or by 
uniting ammonia with single and mixed carriers. 
Ammoniated carriers are designated as ammoniated 
mixtures. 
When superphosphate is ammoniated, it is known 
as ammoniated phosphate. Common N~P~0:1-K.iO 
analyses of some of the ammoniated dry carriers in­
clude 16-20.0, 10-20.0, 10-20-10, 15-15.0, etc. When 
ammonia is combined with phosphoric acid solutions 
and dried, a mixed fertilizer called ammonium phos• 
phate results. These fertilizers possess higher phos­
phorus contents than the ammoniated phosphates 
and normally are obtained in either 1-3-0 or 1-4-0 ra­
tio. Examples of these materials include such N~P~Qr,. 
K,O grades as 11-48-0, 13-39.0, 16-48-0, 21-53-0, etc. 
Mechanically dry mixed fertilizers commonly cal. 
led dry blended fertilizers constitute a significant per~ 
cent of the total tonage used by farmers in South 
Dakota. Specially designed equipment mechanically 
mixes materials containing any one or all of the 
essential plant nutrients (335-0-0) into nearly any 
grade or analysis. Fertilizer ingredients so blended 
vary in particle size and specific gravity1 thus steps 
should be taken to avoid segregation when handling 
and applying. Bear in mind, when purchasing such 
materials, that the final analysis can never exceed the 
combined pe rcentages of the elements in each of the 
materials used. For practical purposes, it cannot ex­
ceed 100°/4, since the highest analysis ingredient cur~ 
rently available for mixing is a 21-53-0 or a total of 
74% . Farmers should insist that the nitrogen1 phos­
phate, and potash supplying materials used in blend. 
ing be those recommended for the state to help insure 
maximum benefit to crops. 
Liquid mixed fertilizers are receiving increased 
attention and appear to be well adapted. A wide 
variety of grades can be manufactured. Solubility 
characteristics and salting-out characteristics limit 
production of some of the higher analysis grades. In 
general, the upper limit is about 50°/4 total primary 
plant nutrients. 
Source and forms of secondary elements. South 
Dakota soils seem blessed at present with ade­
quate amounts of calcium, magnesium, and sulfur in 
mosl cases. This does not mean that in the future 
crop yields cannot be increased by applying one or 
more elements to the soil. Limited research to date 
~as shown no particular need to ma~e special applica­
tions of these materials. Studies will continue to be 
made to detect any recent occurring needs. 
Sources and forms of micro (trace) elements. 
Here again, South Dakota soils appear to contain 
adequate amounts of iron, manganese, boron, zinc, 
copper, chlorine, and molybdenum in most cases. 
Nevertheless, continued and intensified farming can 
deplete these reserves. Ocassional specific needs for 
trace element applications in the state are recognized. 
An excellent example is boron applications for sugar 
beets. Commercially available sources of micro nutri­
ents are sold. These product sources, with the excep­
tion of boron, fall into one of two general categories 
(1) metallic salts such as sulfates (i.e. zinc sulfate) and 
(2) chelates (i.e. chelated zinc). The most common 
Table 2. Secondary and Micro-Nutrient Fertilizer 
Materials 
Common Name Analysis-% 
Borax ll.3Boron 
Solubor 20.0Boron 
Tronabor 14.3Boron 
Copper oxide 75.0Coppe< 
Copper sulfate 29.4 Copper plus 12.8 Sulfur 
Manganese sulfate 20.0 Manganese plus 14.5 Sulfur 
Manganese oxide 50.0 Manganese 
Manganese chelate 12.0 Manganese 
Zinc sulfate 27.8 Zinc plus 13.6 Sulfur 
Zinc oxide 77.2Zinc 
Zinc chelate 14.0Zinc 
Sulfur 99.0Sulfur 
Iron chelate 10.0iron 
Iron sulfate 20.0 Iron plus 17.0 Sulfur 
Analysis% 
N-P-0,.K:O 
82.5-0-0 
20-0-0 
41-0-0 
37-0-0 
32-0-0 
33.5-0-0 
30-0-0 
21-0-0 
15-0-0 
45-0-0 
0-20-0 
0-46-0 
0-76-0 
0-32-0 
0-0-60 
0-0-53 
0-0-22 
6-20-0 
8-32-0 
10-20-0 
11-48-0 
16-48-0 
18-46-0 
21-53-0 
16-20-0 
7-21-7 
8-24-0 
22-22-0 
23-23-0 
24-20-0 
25-25-0 
27-14-0 
29-14-0 
30-10-0 
20-10-0 
form of boron applied to soil is sodium tetraborate 
compound, commonly called borax. Various methods 
of processing and manufacturing results in material 
varying in boron content from 11 to 20°/4. Only mi­
nute quantities of these elements are needed, therefore, 
care should be exercised to assure uniform applica­
tion. Excessive application rates can be toxic to some 
commonly grown field crops. 
Table 1. Primary Fertilizer Materials 
Anhydrous Ammonia-gas 
Aqua Ammonia Solution 
Nitrogen Solution 
Nitrogen Solution 
Nitrogen Solution 
Ammonium Nitrate 
Ammonium Nitrate Sulfate 
Ammonium Sulfate 
Calcium Nitrate 
Urea 
Superphosphate 
Concentrated Superphosphate 
Super Phosphoric Acid 
Rock Phosphate 
Muriate of Potash 
Potassium Sulfate 
Potassium Magnesium Sulfate 
Ammoniated Super Phosphate 
Ammoniated Super Phosphate 
Ammoniated Super Phosphate 
Monoammonium Phosphate 
Diammonium Phosphate 
Diammonium Phosphate 
Diammonium Phosphate 
Diammonium Phosphate 
Diammonium Phosphate 
Diammonium Phosphate 
Nitric Phosphates 
Nitric Phosphates 
Nitric Phosphates 
Nitric Phosphates 
Ammonium Phosphate Nitrate 
Ammonium Phosphate Nitrate 
Ammonium Phosphate Nitrate 
Ammonium Phosphate Nitrate 
82.5-0-0 
20-0-0 
41-0-0 
37-0-0 
32-0-0 
33.5-0-0 
30-0-0 
21-0-0 
15-0-0 
45-0-0 
0-8.8-0 
0-20.2-0 
0-33.4-0 
0-14.1-0 
0-0-49.8 
0-0-44.0 
0-0-18.3 
6-8.8-0 
8-14.1-0 
10-8.8-0 
11-21.1-0 
16-21.1-0 
18-20.2-0 
21-23.3-0 
16-8.8-0 
7-9.2-5.8 
8-10.6-0 
22-9.7-0 
23-10.1-0 
24-8.8-0 
25-11.0-0 
27-6.2-0 
29-6.2-0 
30-4.4-0 
20-4.4-0 
Photos courtesy of Farmers Union Central Exchange 
Publi,hed and di1tributed in furtheranOl!I of the ActJ of Con~re11 
of 1ay ~ and Jut1e ~O, lijl-4, by the Cooperative Exten1ion Serv.­
ice of South Dakota State Univenity, Brooking1, John T. Stone, 
Director, U.S. Departmont of Agriculture cooperatin1 
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